Introduction
============

*Costus speciosus*(Koen) J.E. Sm. (Zingiberaceae) is an erect herbaceous plant up to 2 m height with long lanceolate leaves and white fragrant flowers in terminal clusters. The plant flowers during the months of July and August, the aerial parts withering away during the winter season. It has wide distribution in India, occurring throughout the sub-Himalayan tract from Himachal Pradesh to Assam, Vindhya and Satpura hills in central India and the western ghats of Maharashtra, Karnataka, Kerala ([@B1]).

Many properties of plant products are associated with the presence of phenolic compounds, which are essential for plant development and play an important role in their defense mechanisms. The inclusion of these compounds in the regular diet might be beneficial to human health by lowering incidence of diseases. Active oxygen molecules such as (O~2~˚-, OOH˚), hydroxyl (OH˚) and peroxyl (ROOH˚) radicals play an important role in oxidative stress related to the pathogenesis of various important diseases. In healthy individuals, the production of free radicals is balanced by antioxidative defense system ([@B2]).

Due to the increasing safety concerns about synthetic antioxidants, exploitation of cheaper and safer sources of antioxidants based on natural origin is the focus of research nowadays. Recently, there has been growing interest in oxygen containing free radicals in biologic systems and their implied roles as causative agents in the etiology of a variety of chronic disorders. Currently available synthetic antioxidants like butylated hydroxy anisole (BHA), butylated hydroxy toluene (BHT), tertiary butylated hydroquinone and gallic acid esters, have been suspected to cause or prompt negative health effects. Hence, strong restrictions have been placed on their application and there is a trend to substitute them with naturally occurring antioxidants. Moreover, these synthetic antioxidants also show low solubility and moderate antioxidant activity ([@B3]). Hence, finding natural sources of antioxidants is the focus of this study.

Antioxidant compounds in food play a key role in health promotion. Scientific evidences suggest that antioxidants reduce risk for chronic diseases including cancer and heart disease. Primary sources of naturally occurring antioxidants are whole grains, fruits and vegetables. Plant sourced food antioxidants like vitamin C, vitamin E, carotenes, phenolic acids, phytate and phytoestrogens have been recognized as having the potential to reduce disease risks. Various antioxidant activity methods have been used to monitor and compare the antioxidant activity of foods and herbal drugs. In recent years, oxygen radical absorbance capacity assays and enhanced chemiluminescence assays have been used to evaluate antioxidant activity of foods, serum and other biological fluids. Special equipment and technical skills are needed these analysis and the radical-scavenging activity of antioxidants against free radicals like the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, the superoxide anion radical (O2), the hydroxyl radical (OH), or the peroxyl radical (ROO) are measured. The variation in food antioxidant activity by different method arises from the specificity of the free radical being used as the reactant. Other methods determine the resistance of lipid or lipid emulsions to oxidation in the presence of the antioxidant being tested. The malondialdehyde (MDA) or thiobarbituric acid-reactive-substances (TBARS) assays have been extensively used since 1950 has to estimate the peroxidation of lipids in membrane and biological systems. These methods can be time-consuming since they depend on the oxidation of a substrate that is influenced by temperature, pressure, matrix etc. and may not be practical when large numbers of samples are involved ([@B4]). Antioxidant activity methods using free radicals are fast, easy and simple. Some methods are summarized here. A solid-phase spectrophotometry using immobilized tetrabenzo-\[b,f,j,n\]\[1,5,9,13\]-tetraazacyclohexadecine-Cu(II) complex was proposed by Olga A. Zaporozhets ([@B5]) in order to measure the antioxidant potency of herbal products. The absorbance of the modified sorbent (*ì*max) 712 nm) increases proportionally to the total antioxidant activity of the sample solution on silica gel.

Fluorometric Analysis ([@B6]) quantified the hydroxyl radical scavenging capacity and efficacy of a novel organosiliceous anionic hydride compound and silica hydride. The method measures a direct relationship between the hydroxyl radical scavenging capability of the antioxidant compound and the linear decrease in signal from a fluorescent 2-hydroxyterephthalate product created by reacting to a Fe^2+^-EDTA complex in the presence of a potential radical scavenger. Bioassay-guided fractionation, column separation on Diaion, Toyopearl HW 40(C), Sephadex LH-20 and MCI CHP20P, HPLC and spin trapping electron spin resonance (ESR) method ([@B7]).

Phenolic compounds are a large, heterogeneous group of secondary plant metabolites that are widespread in the plant kingdom ([@B8]). Polyphenols are the products of plant metabolism and can range from simple molecules to highly polymerized compounds. Phenolics display a vast variety of structures; here only flavonoids, tannins and phenolic acids are reviewed. Flavonoids, a subclass of polyphenols, are the most common polyphenolic compounds found in nature and are further divided into several subclasses including flavones, flavonols, isoflavones, anthocyanins, flavanols, and proanthocyanidins. Flavonoids and other plant phenolics are especially common in leaves, flowering tissues and woody parts such as the stem and bark ([@B9]).

The aim of this study was to determine in vitro antioxidant activity of the solvent extracted material of *Costus speciosus*and its correlation with the total phenolic content.

Experimental
============

Folin-Ciocalteu phenol reagent was purchased from Sigma Co. All the other chemicals and solvents used in this study were of analytical grade and obtained from HiMedia Chemicals Mumbai, India.

*Extraction*

*C. speciosus*was collected from the forest of Bahuli-gaon Tal- Igatpuri Dist-Nashik Maharashtra, India. The whole plant got certificate of authentication from Botanical Survey of India, Pune. A voucher specimen was deposited in herbarium of our laboratory. The shad dried rhizomes were pulverized and subjected to successive extraction using Soxhlet apparatus. petroleum ether (60:80), cyclohexane, benzene, ethyl acetate, chloroform, acetone, methanol and water were significantly applied for extractions used in sequence.

*DPPH radical scavenging activity*

DPPH scavenging activity was measured by spectrophotometric method ([@B10]). To 1 mL of various concentrations of the extract, 1 mL of DPPH solution (0.1 mM) was added. An equal amount of methanol and DPPH served as control. After 20 min of incubation in dark, the absorbance was recorded at 517 nm. The experiments were performed in triplicate and the percentage of inhibition calculated ([@B11]) as the following:

${Inhibition}\% = \frac{\left( {Control} - {Test} \right)}{Control} \times 100$

*Total antioxidant capacity*

Total antioxidant capacity was measured by spectrophotometric method ([@B12]). 0.1 mL of the extract (10 mg/mL) dissolved in water was mixed in eppendorf tube with 1 mL of reagent solution (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate).The tubes were capped and incubated in a thermal block at 95 °C for 90 min. After cooling to room temperature, the absorbance of aqueous solution was measured at 695 nm against blank. Ascorbic acid was used as the standard and total antioxidant capacity was expressed as the equivalents of ascorbic acid.

*Scavenging of nitric oxide radical*

Nitric oxide was generated from sodium nitroprusside and measured by Griess' reaction ([@B13]). Sodium nitroprusside (5 mM) in standard phosphate buffer saline solution (0.025 M, pH 7.4) was incubated with different concentrations (2-1000 μg/mL) of the test extract dissolved in phosphate buffer saline (0.025 M, pH 7.4) and the tubes were incubated at 25°C for 5 h. Control experiments were conducted in the identical manner using the equivalent amounts of buffer. After 5 h, 0.5 mL of the sample was diluted with 0.5 mL of Griess' reagent (1% sulphanilamide, 2 % *o*-phosphoric acid and 0.1 % napthyl ethylenediamine dihydrochloride). The absorbance of the chromophore formed during diazotization of nitrite with suphanilamide and its subsequent coupling with napthyl ethylene diamine was read at 546 nm. The experiments were repeated in triplicate.

*Ion chelating activity*

Ion chelating activity was determined by colorimetric method ([@B14], [@B15]).The reaction mixture containing 1 mL 0.05% *o*-phenathroline in methanol, 2 mL ferric chloride 200 μM and 2 mL various concentrations of the test compound was incubated at ambient temperature for 10 min and the absorbance of the sample was measured at 510 nm. The experiments were performed in triplicate.

*Scavenging of hydroxyl radical*

Extracts of different concentrations prepared in 2% alcohol were taken in different test tubes and evaporated on a water bath. To these, 1 mL of Iron-EDTA solution (Iron was added as 2.0 mg Fe (FeSO~4~) mixed with Na~2~EDTA as an aqueous solution in a 1:1 molar ratio), 0.5 mL of 0.018% EDTA and 1 mL of DMSO (0.85% v/v in 0.1 M phosphate buffer, pH 7.4) were added and the reaction was initiated by adding 0.5 mL of 0.22% ascorbic acid to each of the test tubes. Test tubes were tightly capped and heated on water bath at 80°-90°C for 15 min. The reaction was terminated by addition of 1 mL of ice-cold trichloroacetic acid (17.5% w/v), kept aside for 2 min and the formaldehyde formed was determined by adding 3 mL of Nash reagent (75 g of ammonium acetate, 3 mL glacial acetic acid, 2 mL acetyl acetone in to 1 L distilled water) after 10-15 min for color development ([@B16]). Intensity of yellow color formed was spectrophotometrically measured at 412 nm against reagent blank and the scavenging percentage of hydroxyl radical was calculated by comparing the results of the samples with that of the blank ([@B17]).

*Estimation of phenolic content*

Phenolics compounds are a large, heterogeneous group of secondary plant metabolites that are widespread in plant kingdom ([@B18]). Phenolics contain different chemical classes tannins, catechins, flavonoids, steroids, etc. The phenolic content is estimated by various methods. These are Folin Ciocalteu method ([@B19]), chromatographic response function (HPLC) ([@B20]), reversed phase HPLC ([@B21]), protein dye binding ([@B22]). Considering the available facilities, Folin- Ciocalteu method was preferred to determine the phenolic content of the extracts.

*Preparation of sample*

100 mg of extract was added into 40 mL ethanol and then was mixed and sonicated for about 30 min and shaked about 10 min. The volume was made up to 100 mL with HPLC grade water. Mixed well, this solution was filtered with No.1 Whatman paper. An aliquot of this solution was mixed with 0.5 mL of Folin-Ciocalteu phenol reagent. After 5 min, 1.5 mL of 20% sodium carbonate solution was added and the volume was made up to 10 mL with HPLC grade water. After 2 h, the solution was filtered with No.1 Whatman paper and the absorbance at 760 nm was recorded. The same solution without the extract solution was used as blank solution. The blank was similarly prepared without using any extract. The standard solutions were prepared and analyzed by the same manner using 20 mg of accurately weighted gallic acid. The same solution without gallic acid was used as the blank solution.

*Calculation of phenolic content*

Calculation of content of total phenols in percent was based on gallic acid standard.

${Toyal\ phenols\%} = \frac{A_{sample} \times W_{standard}}{A_{standard} \times W_{sample}} \times 100$

A= Absorbance

W= Weight

Results and Discussions
=======================

The anti-oxidant activity of Petroleum ether (60:80), cyclohexane, benzene, ethyl acetate, chloroform, acetone, methanol and aqueous extracts of *C. speciosus*were measured by different methods including DPPH scavenging activity, total antioxidant capacity, scavenging of nitric oxide radical, ion chelating activity, scavenging of hydroxyl radical. The aim was to evaluate the activity and mechanism involved therein. The results obtained by these studies were mentioned in [Table 1](#T1){ref-type="table"}.

###### 

IC ~50~μg/mL values obtained from different experiments

  **Extracts**               **DPPH activity**   **Total antioxidant Capacity**   **Nitric oxide activity**   **Ion chelating activity**   **Hydroxyl radical activity**
  -------------------------- ------------------- -------------------------------- --------------------------- ---------------------------- -------------------------------
  Petroleum Ether            2.42 ±0.05\*\*\*    0.17±0.20\*\*\*                  1.60±0.53\*\*\*             2.09±0.86\*\*\*              2.93±0.45\*
  Cyclohexane                2.65±0.05\*\*\*     0.71±0.1\*\*\*                   1.89±0.29\*\*\*             2.40±0.53\*\*\*              2.87±0.58\*
  Benzene                    15.30±0.1\*         12.58±0.75\*\*                   12.56±0.61\*                13.41±0.68\*                 13.46±1.00\*\*
  Ethyl acetate              3.52±0.36\*\*\*     2.17±0.46\*\*\*                  3.54±0.70\*\*\*             2.89±0.65\*\*\*              2.92±0.53\*
  Chloroform                 7.75±0.23\*\*\*     2.62±0.75\*\*\*                  5.96±0.88\*\*\*             4.49±0.51\*\*\*              3.56±0.59\*
  Acetone                    6.48±0.41\*\*\*     3.17±0.69\*\*\*                  1.86±0.96\*\*\*             8.78±1.22\*\*                3.1±0.35\*
  Methanol                   14.26±0.88\*\*\*    13.43±0.61\*                     20.01±1.76\*\*\*            12.34±1.00\*\*\*             10.06±1.12\*
  Aqueous                    8.95±0.45\*\*\*     12.07±0.88\*\*\*                 8.8±0.96\*\*                11.43±0.88\*\*\*             8.33±0.87\*
  Standard (Ascorbic acid)   16.14±0.20          15.08±0.87                       12.54±0.8                   6.9±0.93                     4.63±0.67

Values are in the Mean ± S.D., n = 3 for each experiment, data were analyzed by one way ANOVA followed by Turkey test using Graph pad Instat software, \* P \> 0.05, \*\* P \> 0.01, \*\*\* P \< 0.001 as compared with standard ascorbic acid

According to DPPH assay, benzene extract showed maximum activity with IC~50~ = 15.30 μg/mL and no significant change when compared with standard ascorbic acid having IC~50~ = 16.14 μg/mL. DPPH is relatively stable free radical.The assay based on measurement of scaveinging ability of antioxidants towards stable DPPH radical. From the present result it may be postulated that *C. speciosus*reduces the radical when it react with hydrogen donars in antioxidant principles. DPPH radicals react with suitable reducing agents, the electrons become paired off and solution looses colour stochiometrically depending on the number of electrons taken up ([@B23]). It revealed that benzene extract have maximum antioxidant activity when compared with standard antioxidant ascorbic acid in DPPH assay.

In the Total Antioxidant Capacity experiment it was seen that Methanol and Benzene extract showed maximum activity with IC~50~ values 13.43 ± 0.61 and 12.58, respectively. The total antioxidant capacities of extracts were calculated based on the formation of phosphomolybdenum complex that was measured spectrophotometrically at 695 nm.

Nitric oxide radical scavenging activity was maximum to benzene extract with IC~50~ = 12.56 μg/mL. In the experiment of ion chelating activity benzene extract showed maximum activity with IC~50~ = 13.41 μg/mL as compared with ascorbic acid IC~50~ = 6.9 μg/mL. In the assay of hydroxyl radical activity benzene extract showed maximum activity with IC~50~ = 13.46 μg/mL compared with 4.63 μg/mL of ascorbic acid. Nitric oxide is free radical produced in biological cells, involved in regulation of various physiological processes. Nitric oxide is very unstable species under aerobic conditions. It reacts with oxygen to produce stable product nitrate and nitrite through intermediates NO~2~, N~2~O~4~ and N~3~O~4~. In the present study, nitrite produced by incubation of solution of sodium nitroprusside in standard phosphate saline buffer at 25°C was reduced by extracts of *C. speciosus*. This may be due to antioxidant principles in extracts which compete with oxygen to react with nitric oxides and thus inhibit generation of nitrite ([@B24]).

Ortho substituted phenolic compounds may exert prooxidant effect by interacting with iron.

O-phenthroline quantitatively forms complex with Fe^2+^ which get disrupted in the presence of chelating agent ([@B25]). The studied extract interfered with the formation of ferrous-*o*-phenanthroline complex, thereby suggesting that extract has metal chelating activity.

Hydroxy radical scavenging activities of extracts were assayed by generating hydroxyl radicals using ascorbic acid-iron-EDTA ([@B26]). The hydroxyl radical formed by the oxidation react with DMSO to yield formaldehyde. The formaldehyde production from DMSO provides a convenient method to detect hydroxyl radicals formed during oxidation of DMSO by Fe^3+^/ ascorbic acid system which was used to detect hydroxyl radical.

The total obtained phenolic content is shown in [Table 2](#T2){ref-type="table"}.

###### 

Total phenolic content in different extracts of *C.speciosus*

  **Extract**               **% Phenolic Content**
  ------------------------- ------------------------
  Petroleum ether (60:80)   0.62
  Cyclohexane               0.66
  Benzene                   4.38
  Ethyl acetate             1.50
  Chloroform                1.00
  Acetone                   0.66
  Methanol                  1.14
  Aqueous                   0.52

\% Phenolic Content represents Gallic Acid Equivalents

It was revealed that benzene extract had the maximum phenolic content 4.38 %The correlation coefficients for phenolic content and antioxidant activity of different extracts were studied as given in [Figure 1](#F1){ref-type="fig"} and it was found that benzene extract showed good correlation coefficient (r^2^) for all antioxidant methods. Among all the extracts analyzed, a significant phenolic content and antioxidant activity were found for benzene extract so it can be predicted that the antioxidant activity may be due to the total phenolic content in the plant. Previously it was revealed that the antioxidant activity of phenolic is mainly due to their redox properties, which allow them to act as reducing agents, hydrogen donors, and singlet oxygen quenchers ([@B27]). This is the first report on the antioxidant activity of *Costus speciosus*extracts and the activity may be due to redox properties of the phenolic content.
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Values are in the Mean ± S.D., n = 3 for each experiment, data were analyzed by one way ANOVA followed by Turkey test using Graph pad Instat software, \* P \> 0.05, \*\* P \> 0.01, \*\*\* P \< 0.001 as compared with standard ascorbic acid.
